BONDING STRUCTURE WITH BUFFER LAYER AND METHOD OF 

FORMING THE SAME 



FIELD OF THE INVENTION 

[0001] The present invention generally relates to a bonding structure for bonding 
5 semiconductor material or metal surface to substrate, and a method of forming the same, 
and more specifically to a bonding structure with a buffer layer, and a method of forming 
the same. The bonding structure can be applied to bond integrated circuit (IC) or chip to 
substrate. 

BACKGROUND OF THE INVENTION 

10 [0002] There are a variety of conventional bonding techniques for bonding 
semiconductor material or metal surface to substrate. One of them is the anisotropic 
conductive film (ACF) bonding technique. The ACF bonding technique places a layer of 
anisotropic conductive film containing conductive particles between chip and the device 
to be bonded, and bonds the chip and the device together by melting the anisotropic 

15 conductive film using heat and pressure. It also forms conductive channel by using metal 
pads, metal bumps and conductive particles. The disadvantage of this technique is that it 
can not meet finer pitch requirement. For a finer pitch between the metal pads and the 
metal bumps, conductive particles will flow because of heat and pressure being applied. 
Thereby two adjacent conductive points may be short. Thus, the technique can not meet 

20 finer pitch requirement. The bonding density of this ACF bonding technique can only 
reach to as small as SO um pitch. 

[0003] Another conventional bonding technique is using non-conductive film (NCF) 



for bonding. The difference between the NCF bonding technique and the ACF bonding 
technique is that the former does not contain any conductive particle in the adhesive 
material. The bonding structure using this NCF bonding technique uses heat and pressure 
to melt the non-conductive film. After the non-conductive film has consolidated, the 
5 generated contractive stress bonds the chip and the device together. Although the bonding 
density is high for this NCF bonding technique, the bonding of the chip and the device is 
maintained only by mechanical force. That is, the contractive stress generated by the film 
has to maintain the conducting quality of the contact points. Once the film bears too 
much stress, the contact surface among the film, integrated circuit and substrate will 
10 produce lamination and increase the resistance after bonding. 

[0004] Another method is Au-Au diffusion bonding technique. Because its bonding 
temperature is too high and metal oxides will be formed on the surfaces of metal layers, 
covalent bonds will limit free electrons of metal. Therefore, it is hard to form metal bonds 
between two bonding surfaces. Also, the electrical conductivity comes from tunnel- x 
15 through effect that generates higher contact impedance. Therefore, it is not suitable to 
fine pitch applications too. 

[0005] U.S. patents 5,407,506 and 5,427,638 disclose respectively surface activation 
methods. The surface activation methods disclosed in these U.S. patents mainly bombard 
the polished surfaces and the cleaned surfaces by oxygen ions, fluorine ions, or their 
20 mixture to activate these surfaces. Then particles on these activated surfaces are removed 
and these activated surfaces are contacted under room temperature to complete the 
activation bonding. 
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SUMMARY OF THE INVENTION 

[0006] The present invention has been made to overcome the above-mentioned 
drawback of conventional bonding methods that need high bonding temperature and to 
increase the bonding density and the quality of bonding surfaces. The primary object of 
5 the present invention is to provide a bonding structure with a buffer layer, and a method 
of forming the same. The bonding method of the invention combines Au-Au diffusion 
bonding technology to perform direct bonding with surfaces. Using such a buffer layer, it 
creates a new bonding structure and its process uses fewer steps and is more reliable. 

[0007] The bonding structure of the invention comprises mainly a first substrate with 
10 metal pads thereon, a protection layer, a first adhesive metal layer, a buffer layer, a first 
metal layer and a second substrate. The protection layer is covered on a surface of the 
first substrate, the first adhesive metal layer is formed on the metal pads, the buffer layer 
is coated on the protection layer and the metal pads, and the first metal layer is covered 
on the buffer layer. A surface of the second substrate has independently distributed 
15 electrodes and a bonding layer thereon. The first metal layer, the electrodes and the 
bonding layer are bonded together to complete the bonding structure. 

[0008] There are two preferred embodiments of the bonding structure according to 
the present invention. In the first preferred embodiment, the buffer layer coated on metal 
pads and the buffer layer coated on the protection layer are independently distributed. In 
20 the second preferred embodiment, the buffer layer coated on metal pads and the buffer 
layer coated on the protection layer are connected. In both preferred embodiments, the 
electric connection between the first adhesive metal layer and the first metal layer can 
have various structures to implement. 



[0009] Using the bonding structure of the present invention, the bonding process uses 
fewer steps than the conventional surface activation method. The bonding process of the 
invention mainly comprises two steps. First, a bonding structure with a buffer layer is 
formed. Then the surface of the first metal layer, the bonding layer on the second 
S substrate and the surface of metal pads are directly bonded together. Because the bonding 
process uses fewer steps, it is more reliable. After completing the bonding structure, 
under-fill can be applied to increase the reliability of the bonding structure. 

[0010] The direct bonding can be performed through surface activation, surface 
activation plus heat pressure, or heat pressure only. 

10 [0011] The bonding method of the invention requires lower bonding temperature. 
Therefore, it resolves the drawback of conventional bonding methods that need high 
bonding temperature. The bonding density between the contacted surfaces is increased to 
a fine pitch. The quality at the bonding points is increased because fewer contaminations 
between the contacted surfaces are generated. The bonding structure and the bonding 

IS method of the invention can be applied to bond integrated circuit or chip to substrate. 

[0012] The foregoing and other objects, features, aspects and advantages of the 
present invention will become better understood from a careful reading of a detailed 
description provided herein below with appropriate reference to the accompanying 
drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] The present invention can be understood in more detail by reading the 
subsequent detailed description in conjunction with the examples and references made to 
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the accompanying drawings, wherein: 

FIG. 1 shows a cross-sectional view of the bonding structure with a buffer layer before 
bonding according to the invention; 

FIG. 2 shows a top view of the structure shown in FIG. 1; 

5 FIGs. 3a and 3b show respectively cross-sectional views of the bonding structure without 
and with under-fill after bonding the structures shown in the upper and the lower figures 
of FIG. 1; 

FIG. 4 illustrates another cross-sectional view of the bonding structure with a buffer layer 
before bonding according to the invention; 

10 FIG. 5 shows a top view of the structure illustrated in FIG. 4; 

FIGs. 6a and 6b show respectively cross-sectional views of the bonding structure without 
and with under-fill after bonding the structures shown in the upper and the lower figures 
of FIG. 3; 

FIGs. Ta'-Tc show A-B cross-sectional views of FIG. 2 to illustrate three different kinds 
IS of structures for the electric connection between the first adhesive metal layer and the 
first metal layer in the upper figure of FIG. 1; 

FIGs. 8a-8c show the modified structures of electric connection corresponding to FIGs. 
Ta-Tc; 

FIGs. 9a'-9c show A-B cross-sectional views of FIG. 5 to illustrate three different kinds 
20 of structures for the electric connection between the first adhesive metal layer and the 
first metal layer in the upper figure of FIG. 4; 
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FIGs. lOa-lOc show the modified structures of electric connection corresponding to FIGs. 
9a-9c; 

FIGs. 11a and lib show two different embodiments of covering a second metal layer on 
the top of electrodes and the bonding layer above the second substrate; 

5 FIG. 12 shows the bonding process of the present invention; and 

FIG. 13 shows curves of experimental results of direct bonding with and without a buffer 
layer, the horizontal axis shows the bonding temperature while the vertical axis shows the 

bonding strength. 

DKTAIf .KD nK SCRIPTION OF THE PREFERRED EMBODIMENTS 

10 [0014] FIG. 1 shows a cross-sectional view of the bonding structure with a buffer 
layer before bonding according to the invention. In this embodiment, there are metal pads 
103a and 103b on a surface of the first substrate 101 shown in the upper figure of FIG. 1. 
A protection layer 105 is covered on that surface of the first substrate 101. A first 
adhesive metal layer 110 is formed on the metal pads 103a and 103b. Buffer layers 107, 

15 107a and 107b are respectively coated on the protection layer 105 and metal pads 103a 
and 103b. A first metal layer 109 covers buffer layers 107, 107a and 107b. 

[0015] Metal pads 103a and 103b are used as conducting circuit for the first substrate 
101. They can be made of aluminum (Al) or copper (Cu). The protection layer 105 
protects the integrated circuit on the first substrate 101. The first substrate can be a 
20 silicone (Si) substrate. The material for the buffer layer can be polyimide. The material 
for the first metal layer can be chosen from one of gold (Au), aluminum or copper. It is 
worthy to mention that the buffer layer coated on the metal pads and the buffer layer on 
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the protection layer are independently distributed in the embodiment. 

[0016] The lower figure of FIG. 1 illustrates the elements bonding to the upper figure. 
As shown in the lower figure, the bonding elements include a second substrate 111, 
electrodes 113a and 113b on the second substrate 111, and a bonding layer 115. The 
5 bonding layer 115 and electrodes 113a and 113b are independently distributed on the 
second substrate 111. 

[00171 Electrodes 113a and 113b on the second substrate 111 are aligned respectively 
to metal pads 103a and 103b on the surface of the first substrate 101. The second 
substrate 111 is generally a glass substrate or a substrate made of polymer or ceramic. 

10 [0018] FIG. 2 shows a top view of the structure shown in FIG. 1. FIG. 1 is an A-C 
cross-sectional view of FIG. 2. 

[0019] Referring to the upper and the lower figures of FIG. 1, the first metal layer 
109, electrodes 113a and 113b and the bonding layer 115 are bonded directly to complete 
the bonding structure. FIGs. 3a and 3b show respectively cross-sectional views of the 
15 bonding structure without and with under-fiU after bonding the structures shown in the 
upper and the lower figures of FIG. 1. Label 301 in FIG. 3b shows the region of under-fill. 

[0020] FIG. 4 illustrates another cross-sectional view of the bonding structure with a 
buffer layer before bonding according to the invention. The difference between this 
embodiment and the embodiment illustrated in HG. 1 is that the buffer layer coated on 
20 metal pads and the buffer layer on the protection layer are connected, as shown in label 
401 of FIG. 4. 

[0021] FIG. 5 shows a top view of the structure illustrated in FIG. 4. FIG. 4 is an A-C 
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cross-sectional view of FIG. 5. 

[0022] Referring to the upper and the lower figures of FIG. 4, the first metal layer 
109 is bonded directly to electrodes 113a and 113b and the bonding layer 115. FIGs. 6a 
and 6b show respectively cross-sectional views of the bonding structure without and with 
5 under-fiU after bonding the structures shown in the upper and the lower figures of FIG. 3. 
Label 601 in FIG. 6b shows the under-fiU region. 

[0023] To increase the reliability of the bonding structure, under-fiU can be further 
applied after bonding. 

[0024] For the structure illustrated in the upper figure of FIG. 1 and FIG. 4, the 
10 electric connection between the first adhesive metal layer and the first metal layer can 
have various structures to implement. FIGs. la^lc show A-B cross-sectional views of 
FIG. 2 to illustrate three different kind of structures for the electric connection between 
the first adhesive metal layer and the first metal layer shown in the upper figure of FIG. 1. 

[0025] Referring to FIG. 7a, the buffer layer on the first adhesive metal layer 110 and 
15 the metal pad 103b is separated, as shown in labels 707a and 707b. The metal layer 709a 
covers direcUy on the separated buffer layer 707a and 707b, as well as on the first 
adhesive metal layer 110 located between buffer layer 707a and 707b. Referring to FIG. 
7b, the metal layer 709b covers direcUy on and around the buffer layer 707, and contacts 
with the first adhesive metal layer 110. The size of the contact area depends on the design. 
20 Referring to FIG. 7c, an electroplating metal is electroplated to fill the hollow, as shown 
in label 708, made by the separated buffer layer 705. Then a metal layer 709c is sputtered 
on the electroplating metal 708 and the buffer layer 705. This forms electric conduct 
among the metal layer 709c, the electroplating metal 708 and the first adhesive metal 



layer 110. The electroplating metal 708 and the metal layer 709c can use two different 
metals or the same metal. 

[0026] The structure of electric connection shown in each of FIGs. 7a~7c can also 
have different variations by adding an adhesive layer between the metal layer and the 
5 buffer layer. FIGs. 8a-8c show the modified structures of electric connection 
corresponding to FIGs. 7a-7c. Labels SOea-^SOec are respectively their corresponding 
added adhesive layers. 

[0027] Similarly, for the structure in the upper figure of FIG. 4, the electric 
connection between the first adhesive metal layer and the first metal layer can be 

10 implemented as three different kinds of structures shown in FIGs. l^^lc. Also, it can 
further be designed to have the same modification as shown in FIGs. 8a--8c. FIGs. 9a-9c 
show A-B cross-sectional views of FIG. 5 to illustrate three different kinds of structures 
for the electric connection between the first adhesive metal layer and the first metal layer 
shown in the upper figure of FIG. 4. The same description is not provided herein. FIGs. 

15 lOa'-lOc show the modified structures of electric connection corresponding to FIGs. 
9a~9c. The same description is not provided herein either. 

[0028] According to this invention, the top of electrodes 113a and 113b and the 
bonding layer 115 above the second substrate 111 can further be covered by a second 
metal layer in the structure of the lower figure of FIG. 1 and FIG. 4. FIGs. 11a and lib 
20 show two different embodiments. In FIG. 11a, a second metal layer 1101 is covered on 
the bonding layer 115. In FIG. lib, a second metal layer 1103 is covered on electrodes 
113a and 113b as well as the bonding layer 115. 

[0029] In the structure before bonding, when the outmost layers of the first substrate 



and the second substrate are metal layers, covalent bonds will limit free electrons of 
metal because of the metal oxide formed on the surfaces of metal layers. Therefore, it is 
hard to form metal bonds between two bonding surfaces. Also, the electrical 
conductivity comes from tunnel-through effect that generates higher contact impedance. 
S Therefore, direct bonding of the present invention can be performed through surface 
activation. It removes oxide contaminants on the surfaces of metal layers, i.e., removes 
covalent bonds on the surfaces, and controls the junction gap and the energy distribution 
by compensating flatness of bonding surfaces. Then it can form metal bonds between two 
bonding surfaces and accomplishes the bonding. 

10 [0030] Using the bonding structure of the present invention, the bonding process uses 
fewer steps and is more reliable than the conventional surface activation method. FIG. 12 
shows the bonding process of the present invention. As shown in block 1201, a bonding 
structure with a buffer layer of the invention is formed first. It includes providing a first 
substrate with metal pads thereon, covering a protection layer, forming a first adhesive 

15 metal layer, coating a buffer layer, covering a first metal layer, and providing a second 
substrate with electrodes and an independently distributed bonding layer thereon. Then 
the surface of the first metal layer, the bonding layer on the second substrate and the 
surface of metal pads are bonded together, as shown in block 1203. 

[0031] As mentioned before, the bonding method may use direct bonding or adds 
20 further under-fill to increase reliability. Direct bonding can be performed through surface 
activation, surface activation plus heat pressure, or heat pressure only. Surface activation 
can be done by bombarding using physical property of plasma, exposing to ultraviolet ray, 
or cleaning with chemical compound to remove particles and oxide contaminants on the 
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surfaces of first metal layer, bonding layer and electrodes. After bonding, the bonding 
junction will vanish. Therefore, this perfect surface activation bonding process has 
excellent electric characteristic. 

[0032] The bonding method of the invention uses mainly the innovative bonding 
5 structure of the invention, i.e., using a buffer layer and combining Au-Au diffusion 
bonding technology to perform direct bonding with surfaces. The method uses fewer 
steps and is more reliable. After bonding, the bonding junction will vanish. Therefore, 
this perfect surface activation bonding process has excellent electric characteristic. 

[0033] FIG. 13 shows curves of experimental results of direct bonding with and 
10 without a buffer layer. The horizontal axis shows the bonding temperature in unit **C 
while the vertical axis shows the bonding strength in unit Kg. The two curves indicated 
by the structure 2, which is the structure with a buffer layer, respectively illustrate 
bonding results by directly applying 40 Kgf-13.3 Mpa heat pressure after performing 
surface activation and without performing surface activation. On the other hand, the two 
IS curves indicated by the structure 1, which is the structure without a buffer layer, 
respectively illustrate bonding results by directly applying 40 Kgf-13.3 Mpa heat pressure 
after performing surface activation and without performing surface activation. 

[0034] With analysis to the two curves without performing surface activation, when 
the bonding temperature is greater than 200 ""C, the bonding strength becomes stronger as 
20 the bonding temperature increases. Also, the bonding strength of the structure 2 is 
stronger than that of the structure 1. When the bonding temperature is below 150 **C, with 
analysis to the two curves with performing surface activation, the bonding strength 
becomes stronger as the bonding temperature increases. Also, the bonding strength of the 
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structure 2 is stronger than that of the structure 1. Therefore, the bonding structure with a 
buffer layer of the present invention has stronger bonding strength even at low 
temperature. It can perform surface activation or direct bonding with heat pressure. 

[0035] Although the present invention has beeii described with reference to the 
preferred embodiments, it will be understood that the invention is not limited to the 
details described thereof. Various substitutions and modifications have been suggested in 
the foregoing description, and others will occur to those of ordinary skill in the art. 
Therefore, all such substitutions and modifications are intended to be embraced within 
the scope of the invention as defined in the appended claims. 
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